Herpes simplex type I Angelotti (HSV-I ANG) virions were shown to contain two major acid-soluble proteins, BP~ and 2, which by size and charge analysis were also found to be associated with chromatin isolated from HSV-I ANG-infected African green monkey kidney cells (HSV-chromatin). BPI and z proved to exist in a phosphorylated state both in virions and in HSV-chromatin. BP~ consisted of a single polypeptide of 38 K tool. wt. which was correlated to the tegument protein VP22. In SDS-polyacrylamide gels BP2 migrated as a single polypeptide band with an apparent tool. wt. of iz K. Urea gel analysis revealed that BPz consisted of three components, BPza, b and c, of different phosphate contents. Arguments were provided that these components probably represent different polypeptides of similar mol. wt. HSV-chromatin, in addition to BPI, BP2a, b and c contained a further major virus-induced basic phosphopolypeptide of tool. wt. 65 K which was not detected in acid-extracts of mature virions.
INTRODUCTION
Some herpesviruses have been shown to induce a new protein kinase activity in host cells (Randall et al. I972; Rubenstein et al. I972) and several virus-induced phosphoproteins were detected in herpes virus infected cells as well as in mature virions (Chantler & Stevely, 1973; Gibson & Roizman, r974; Perdue et al. I975; Marsden et al. I978) . From this, one could expect that phosphorylation of individual virus proteins might play a role in herpesvirus host cell interactions and in the structural assembly of mature virions.
Stimulated by electron microscopic studies which revealed that the DNA core of herpes simplex type i (HSV-I) particles is most likely organized in a nucleosomal structure (Knopf et aL I978) we screened mature virions for histone-like proteins which might be involved in the condensed structure of the HSV DNA core. In parallel we examined whether there were virus-induced basic proteins associated with the replicative machinery of the HSV-I-infected cell and whether they were modified by phosphorylation.
Cell culture and virus infection. African green monkey kidney cells (RC-37, Italdiagnostic
Products) were grown in monolayer cultures using modified Eagle's medium supplemented with Earle's salts (Seromed), lO ~o heat-inactivated foetal bovine serum (Seromed, Miinchen, Germany) and 2 mM-glutamine. Confluent monolayers of RC-37 cells were infected at 20 p.f.u./cell using HSV-I strain Angelotti (ANG; Darai & Munk, 1976; Schrrder et al. 1975/76; Kaerner et al. 1979 ) and propagated in medium MI99 (Gibco) as described by Stegmann et aL I978 ) .
3H-and 32P-labelling of proteins. Proteins were labelled during HSV-I ANG infection of RC-37 Rita cells in MI99 supplemented with 2% heat-inactivated and dialysed foetal bovine serum in the presence of 5o #Ci/ml medium of SH-amino acid mixture (Amersham Buchler) in roller bottles (I2OO cm 2, 20 ml medium) or on Petri dishes (30 cm in diam., 7 ml medium). The isolated proteins had an average specific radioactivity of about 1.2 x lO 6 3H ct/min per mg. 3zp labelling of phosphoproteins during infection was carried out in phosphate-free MI99 (Seromed) containing o.I mCi/ml 8~P-orthophosphate (Amersham Buchler).
Preparation of Chromatin. Chromatin was isolated from mock-and HSV-I infected RC-37 cells as previously described (Knopf, 1979) .
Preparation of virus. Virions were harvested 24 h p.i. from the medium and purified by differential centrifugation and isopycnic banding on sucrose gradients following the method of Spear & Roizman (I972) . After pelleting and resuspension in reticulocyte standard buffer the virus particles exhibited a DNA/protein ratio of o.o8 which according to Heine et al. (1974) is in the order of magnitude estimated for the aggregate mass of the virus structural polypeptides.
Acid extracts of chromatin and virions. Pelleted chromatin and virions were suspended each in 3 ml reticulocyte standard buffer containing 1 mM-phenylmethanesulphonyl fluoride (PMSF) and o'5 ~o Sarcosyl NL-97 (Ciba-Geigy, Basel, Switzerland). The suspensions were treated by sonication (Branson sonifier B-I2, micro tip, 35 W, six times, for lo s) and subsequently extracted with o'25 ta-HCI by vigorous shaking for about I5 min at 4 °C. Following centrifugation at 2oooo g for 2o min, the proteins were precipitated from the supernatants by 25 ~ (w/v) trichloroacetic acid and sedimented at 10oo0 g. The pellets were washed with ether, air dried and dissolved in water containing I mmol of freshly added PMSF.
Gel electrophoresis. SDS slab gel electrophoresis was performed as described previously (Knopf, 1979) . Charge analysis of the acid-extractable proteins was carried out by electrophoresis at pH 3"2 in I5 ~o polyacrylamide slab gels (I50 × 3 mm) containing 6.25 M-urea and 0"9 M-acetic acid using the system of Panyim & Chalkley (I969) except that 0"5 bisacrylamide was used. Before loading, samples were heated at 80 °C for I5 min on 0"9 M-acetic acid containing 6"25 M-urea. Electrophoresis was carried out at a constant voltage of IO V/cm at 4 °C until the visual marker cytochrome c had reached a distance of 3 cm from the bottom of the gel.
Individual protein bands were cut out from unstained parallel slots and the proteins were isolated electrophoretically in a U-shaped device (Fig. I ) containing 5 ml of I M-acetic acid, i mM-PMSF. The gel slices were placed into the anode chamber and electrophoresis was carried out overnight at a constant voltage of ioo V and 4 °C. Anode and cathode chambers were then separated with the aid of a screw clamp. After emptying the cathode compartment, the proteins were precipitated from the electrolyte by 25 % (w/v) trichloroacetic acid as described above. The total recovery of proteins was about 80 %. When the 407 proteins were to be used for immunization the pellets were dissolved in water and dialysed against phosphate-buffered saline. Both urea-and SDS-polyacrylamide slab gels were stained with amido black followed by Coomassie blue as described by Hurley (1977) . After staining, gels were either exposed immediately to autoradiography for visualizing of phosphoproteins or dried and treated for fluorography to detect 3H-labelled polypeptides (Bonner & Laskey, I974) .
RESULTS

Acid-soluble proteins associated with mature HSV-I virions and with chromatin of HSV-I infected RC-37 cells
To screen for virus-induced basic proteins associated with mature virions and with the DNA synthesizing machinery of virus infected ceils, highly purified virions and isolated cellular chromatin were extracted with o.25 i-hydrochloride. The chromatin was prepared from HSV-I ANG-infected RC-37 cells labelled with all-amino acids from o to 7 h p.i. and from 7 to 25 h p.i. (' HSV-chromatin'), respectively and harvested at the end of the labelling periods. The chromatin preparations obtained by this procedure have been shown previously to contain all the virus DNA sequences and to'synthesize in vitro virus and cellular DNA at ratios identical with those observed in vivo (Knopf, I979) . HSV-I ANG virions used in these experiments were harvested at 25 h p.i. from the medium supernatants of intact cell monolayers. The extracted acid-soluble proteins were analysed by SDS-polyacrylamide gel electrophoresis. Fig. 2 shows the polypeptide patterns obtained from acid extracts of HSVchromatin (b, c), of the chromatin of mock-infected cells ('mock-chromatin', a) and of
Mol. wt. 
HSV-I A N G virions (d)
. U n d e r the applied conditions only histone H I could be clearly distinguished whereas the other histones were not resolved. In acid extracts of HSVchromatin labelled in vivo from 7 to 25 h p.i. (Fig. 2c ), no newly synthesized histone H I could be detected. W i t h the exception of a strongly labelled polypeptide b a n d migrating with an apparent mol. wt. of 46 K, all major labelled basic polypeptides associated with HSV-chromatin (Fig. 2c, mol. wt. 75 K, 65 K, 38 K and I2 K, respectively) apparently had their counterparts among virus structural components (Fig. 2e) . Acid extracts o f highly purified mature virions (Fig. 2d) , on the other hand, contained exclusively two polypeptides of 38 K and I2 K rnol. wt., respectively, which -as judged by co-migrationwere identical with two of the major polypeptide moieties o f HSV-chromatin (Fig. 2 c) . analysed by urea slab gel electrophoresis at pH 3"a. Using this technique all of the cellular histones could be clearly distinguished. The gel patterns obtained are shown in Fig. 3 . As concluded from the specific activity of the individual histone bands in the patterns of HSVchromatin (Fig. 3 c) , the histones were labelled to a smaller extent from 7 to 25 h p.i. than from o to 7 h p.i. (Fig. 3a) . Around the position of histone HI, which was not seen in SDS gel analysis of HSV-chromatin labelled between 7 to 25 h p.i. (Fig. 2c) , three polypeptide bands appeared in urea gels (Fig. 3 c) . These three polypeptides, BP (basic protein) 2a, b and c, were also found in the patterns of acid-extracts of mature virions (Fig. 3 d) . In addition, virions contained a further polypeptide BPI of lower electrophoretic mobility, which also had its counterpart in HSV-chromatin (Fig. 3 c) . All other acid-soluble proteins observed in HSV-chromatin were not detected in mature virions. From these results 'we concluded that acid-soluble proteins of similar size and charge present in virions and in HSV-chromatin , bovine serum albumin (2, mol. wt. 68 K), myoglobin (3, mol. wt. 16"5 K) and cytochrome c (4, tool. wt. 12"5 K) were used as tool. wt. standards. The relatively high absorbance on the top of the gels was proven not to represent trapped protein but to be a staining artifact of the gradient gels.
were identical. Since, from SDS gel analysis, only two acid-extractable polypeptides appeared to be present in HSV-t particles whereas urea gel electrophoresis revealed four polypeptide bands, it was concluded that the three differently migrating acid-soluble basic proteins BP2a, b and c, running close to the position of histone H I (Fig. 3 c) , derived from one of the two polypeptide moieties resolved in SDS gels (Fig. 2d) .
Correlation of SDS and urea gel patterns of the acid-extractable proteins present in HSV-1 virions
In order to correlate the four different acid-soluble proteins BPI, BP2a, b and c to the SDS gel patterns of virus polypeptides (Fig. I e) , the acid-soluble proteins were separated on a preparative scale by urea gel electrophoresis. The individual polypeptide bands were then electrophoretically isolated from gel slices as described in Methods and re-electrophoresed through SDS-polyacrylamide gradient gels. The gel tracings of the purified proteins are presented in Fig. 4 . The results suggested that (i) the protein designated as BPI in Fig. 3(c) was identical to the 3 8 K polypeptide in Fig. 4 (a; see also Fig. 2d) and that (ii) the three differently charged proteins BP2a, b and c (Fig. 4b, c, d ) migrating around the position of histone HI were constituents of the 12 K polypeptide band in the SDS gel pattern of Fig.   2d . 
Phosphorylation of acid-soluble proteins associated with HS V-I virions and chromatin of HS V-infected cells
Acid-soluble proteins were extracted from 32P-labelled HSV-I virions and from HSV-I chromatin 32P-labelled at different times during the lytic cycle and analysed by gel electrophoresis as described above. The SDS gel tracings of the acid-extractable phosphoproteins of mock-chromatin, HSV-chromatin and of virions are shown in Fig. 5 . The patterns indicated that in the course of the lytic cycle, three virus-induced acid-soluble phosphoproteins of 65 K, 38 K and I2 K were associated with HSV-chromatin. The 65 K and 38 K protein were predominantly phosphorylated (Fig. 5c) . Mature HSV-J virions 32P-labelled in vivo from o to 25 h p.i. contained only two major acid-extractable phosphoproteins when analysed in SDS gels (Fig. 5d) , showing the same electrophoretic mobilities as the proteins BPI and BP2, respectively. A comparison with the results of other authors (Gibson & Roizman, I972, I974; Halliburton, r972 ) with respect to acid solubility, electrophoretic mobility and phosphorylation suggested that the 38 K phosphoprotein, BPI, represented the tegument protein VP22. Urea gel analysis of the basic structural phosphoproteins revealed similar autoradiographic patterns (Fig. 6b) to those obtained for the 3H-amino acid labelled basic structural proteins BPI and the three components of BP2 (BP2a, b and c, Fig. 6b ). The 3zp-intensities, however, of the individual bands of BPza, b and c differed significantly from the intensities observed upon all-amino acid labelling. The 32P/3H ratios determined for BP1, 2a, b and c were I, o-6, o'3 and o'9, respectively (Fig. 6) .
DISCUSSION
The present study is concerned with virus-specific basic proteins synthesized in host cells during HSV-I infection, which might be involved in the nucleosomal organisation of HSV-I DNA observed in mature virus particles (Knopf et al. I978 ) . A salient feature was that highly purified virions contained two acid-extractable phosphoproteins and that these two phosphoproteins were also present in isolated chromatin of HSV-I ANG infected cells. The previous studies of Gibson & Roizman (1974) on the phosphorylation of H SV-I proteins revealed that virus B capsids contain two major phosphoproteins (Gibson & Roizman, 1972) . One of these proteins, designated as VP22a, was not found in mature virions and is believed to be a precursor of the virus structural protein VP22. According to its mol. wt. and its degree of phosphorylation, the basic structural phosphoprotein BPI described in this study is most likely to be identical with VP22, which was identified as a tegument protein (Gibson & Roizman, I972, 1974; Roizman & Furlong, 1974 ) and a dominant phosphoprotein in HSV-I virions (Gibson & Roizman, I974) . Furthermore, BPI seems to be identical with the acid-extractable 40 K polypeptide associated with HSV-I virions described earlier by Halliburton (I972). VP22a, however, could not be identified in acid-extracts of HSVchromatin. Immunofluorescence data obtained with antiserum against VP22 (K.-W. Knopf, H. C. Kaerner & H. Fischer, unpublished data) have shown that detectable amounts of VP22 first appeared 2 h after virus infection and that the kinetics of its synthesis parallels that of virus DNA synthesis. This finding is in agreement with data provided by Gibson & Roizman (1974) who determined the relative molar ratios of ICP39 (= VP22) in infected cells at different times after infection. The results of this study suggest that the 65 K basic phosphoprotein associated with HSV-chromatin is a non-structural virus protein and is not identical with the phosphorylated VPI6 described by Gibson & Roizman (I974) .
The basic 12 K phosphoprotein BP2 present both in mature virions and in HSV-chromatin could be identical with the HSV-t and 2 nucleocapsid protein PI2 originally described by Cohen et al. (I978) . Urea gel analysis, however, which allowed an improved resolution of basic proteins, revealed that at least three different forms of BP2 existed, preliminarily designated as BP2a, b and c. Considering the fact that a higher degree of phosphorylation should render a protein less basic, the different migration rates of BP2a, b and c in urea gels (Fig. 6a ) cannot be explained by charge differences due to different phosphorylation of fractional amounts of a homogeneous polypeptide. Zweig et al. (i979) , who studied the HSV-2 nucleocapsid proteins both in the reduced and non-reduced state, have described a 12 K HSV-2 protein PI2 which appears to be quite similar to BP2. These authors have demonstrated that PI2 does not form oligomers by disulphide linkage; although there is no direct evidence one could assume that PI2 is identical with BP2. This would mean that BP2a, b and c do not represent oligomers of a unique polypeptide formed by disulphide linkage. Taking these arguments together we assume that BP2a, b and c are rather different polypeptides of similar mol. wt. which presumably are structural components of mature virions.
We are grateful for the excellent technical assistance of Angelika Ott and Rita Schatten.
